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iSTRACT  (Cnnllnuo  on  r+rmr.**  »ld*  If  br  block  numh»r) 


Shree  radiometric  techniques  were  investiqated  for  monitoring  the  effects  of 
lerpes  simplex  virus  type  I and  II  and  cytomegalovirus  on  the  metabolism  of  human 
■mbryonic  lung  fibroblast  (WI-38)  monolayers.  The  study  was  based  on  the  hypothesi 
hat  (1)  early  metabolic  effects  of  virus  on  the  cell  culture  can  be  used  as  an 
ndication  for  the  presence  of  virus;  (2)  the  specificity  can  be  achieved  by  neutro 
.ization  of  virus  effects  with  specific  antiserum;  and  (3)  rad iometrici technique  ca 
ie  used  to  measure  these  metabolic  effects  of  virus.  ^ ri/\/ 
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^^^jlucose  oad^^tion  by  infected  and  uninfected  cells  was  measured  by  the  out- 
put of  C-14  using  Bactec;  DNA  synthesis  was  monitored  by  H-3  thymidine  in- 

corporation measured  by  liquid  scintillation  counting  or  by  1-125  iododeoxyuridine 
incorporation  measured  non-destructive ly  by  gamma  scintillation  counting.  Radio- 
n'e^r^c  results  were  compared  to  those  obtained  from  visual  examination  for  cyto- 
pathic  effects  in  the  same  cell  line.  Herpes  simplex  virus  type  I inhibited  glu- 
cose oxidation  by  WI-38  cells.  Herpes  simplex  virus  type  I and  II,  and  cyto- 
megalovirus stimulated  DNA  synthesis  by  WI-38  cells.  These  metabolic  effects  were 
observed  before  any  signs  of  cytopathic  effects  and  could  be  neutrolized  with  anti 
serum.  These  radiometric  techniques  for  detection  of  viral  effect  on  cellular 
metabolism  are  simple,  objective  and  quantitative. 
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INTRODUCTION 

Direct  laboratory  isolation  of  virus  is  important  for  the  under- 
standing of  clinical  and  epidemiological  characteristics  of  viral 
diseases  (1,2).  Although  there  are  many  techniques  for  the  detection 
of  viruses  (1,3),  clinical  diagnosis  of  viral  infection  continues 
to  be  difficult  and  impractical.  With  the  promise  of  antiviral  agents 
for  the  treatment  of  viral  infection  (4) , the  importance  of  early 
diagnosis  and  identification  of  the  virus  becomes  more  apparent.  Radio- 
active tracers  are  among  the  most  sensitive  substances  detectable  by 
modern  technology.  Recent  effort  has  focused  on  the  development  of 
radioiasunoassays  for  the  quantification  of  viral  antigens  and  antibodies 
(5-7) . Pern  studies  have  been  done  utilising  radioisotopes  for  the 
assay  of  biologically  active  viruses  (6-10)  . Our  studies  are  based  on 
the  hypothesis  that  1)  early  metabolic  effects  of  virus  on  the  cell 
culture  can  be  used  as  an  indication  for  the  presence  of  virus i 2)  the 
specificity  can  be  achieved  by  neutralisation  of  viral  effects  with 
specific  antiserum)  and  3)  radiometric  technique  can  be  used  to  measure 
these  metabolic  effects  of  virus.  We  have  studied  the  detection  of 
herpes  simplex  virus  type  1 (BIV-1) , type  2 (HSV-2)  and  cytomegalovirus 
using  three  different  techniques  (11-13) . The  results  of  these  form 
the  basis  of  this  report. 

MATERIALS  AND  METHODS 

Cells.  We  planted  WI-38  cells  in  the  20th  to  24th  passages  (HEM 
Research,  Inc.,  Rockville,  Nd.)  at  a concentration  of  100,000  cells/ml 


in  a total  volume  of  2 ml.  The  cells  were  grown  2-4  days  as  stationary 
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monolwysra  in  Eaglm'a  basal  madium,  consisting  of  Earle's  base  plus 
10%  fetal  calf  sarua,  25  an  herpes  buffer,  and  100  units  of  potassium 
penicillin  G,  100  (ig  of  streptoaycin,  and  100  pg  of  kanaaycin  par  milli- 
liter, Cells  were  then  changed  to  Minimal  Essential  Medium  Eagle 
(Modified)  with  Earl's  salts  (Plow  Lab.),  3%  fetal  calf  serum  and  anti- 
biotics (MEMg-yPCj)  , and  were  used  the  following  day. 

The  glucose  oxidation  method  used  sterile  10-al  serum  vials  with 
rubber  liners  (Johnston  Laboratories,  Cockeysville , Md.)  and  aluminum 
airtight  seals  (Wehaton  Scientific,  Millville,  N.J.)  for  cell  cultiva- 
tion, the  vials  being  incubated  in  a horizontal  position  at  37*C. 

The  3H-thymidine  incorporation  technique  utilized  1 dram  culture  vials 
(Wheaton  Scientific,  Killvilie,  N.J.)  containing  0.5  ml  cell  suspension. 

Culture  vials  routinely  yielded  1-2  x 10s  cells/monolayer  as  determined 

125 

by  direct  counting  in  a hesuocy toaster.  The  I-IdU  incorporation 
technique  used  16  x 125  on  glass  culture  tubes  (Corning  Glass  Works, 
Corning , N.Y.)  containing  1 ml  cell  suspension.  Culture  tubes  yielded 
approximately  3.7  x 105  cells/mono layer . 

Virus  stock.  A patient  isolate  of  HPV-1  was  obtained  from  the  Johns 
Hopkins  Hospital  Virology  Laboratory.  Stock  virus  was  prepared  i rt  Wi-iH 
monolayers  maintained  on  Paolo's  minimal  essential  medium.  Parle's 
base  plus  It  fetal  calf  serum  with  buffer,  and  antibioties  as  listed. 

The  viral  material  was  frozen  and  thawed  twice  and  then  stored  at  -70*1". 
The  stock  was  sterility-tested  and  assayed  for  glucose  concentration. 

The  titer  was  determined  by  tube  titration  in  WT-ltl  cells,  and  the  501 
endpoint  was  calculated  by  the  method  of  Reed  and  Muench  < l *1  > , yielding 
3,200,000  TCIDso  per  0.1  ml.  Tube  titration  was  confirmed  by  plaque 


r 


assay  (11),  which  yielded  7 million  plaque-forminq  units  per  0.1  ml. 

HSV-2  stock  (MS  strain,  ATCC  540)  was  prepared  in  a similar  manner 

with  a titer  of  5.6  x 10^  /ml. 

TCID50 

The  AD-169  strain  of  human  cytomegalovirus  was  obtained  commercially 
at  an  infeetivity  titer  of  630,000  TCID^  per  ml,  and  was  maintained 
at  -60°C  until  used. 

Glucose  oxidation  system.  Serum  vials  containing  preconfluent 

monolayers  with  overlay  medium  removed  were  infected  with  0.1  ml  of 

virus  stock,  at  a virus-to-cel 1 ratio  of  approximately  10.  Uninfected 

cells  received  0.1  ml  of  an  equalized  glucose  solution  prepared  in 

Earle's  basal  salts.  Virus  was  exposed  to  the  cells  for  60  min  at  37"C 

with  mild  agitation  at  15-min  intervals.  Following  the  adsorption 

period,  1.9  ml  of  low-glucose  maintenance  medium  (i.e.,  the  maintenance 

14 

medium  without  the  usual  0.1*  glucose)  plus  4 pCi  (60  mCi/mM)  of  C-l-D- 

glucose  ( Amersham/Sear le  c’orp.,  Arlington  Heights,  Til.)  was  added  per 

vial.  All  vials  were  prepared  in  quintuplet.  Background  controls  con- 

14 

sisted  of  an  equal  volume  of  C-labeled  medium  without  cells  or  virus. 

14 

Measurement  of  glucose  oxidation.  The  C0o  produced  by  cellular 

metabolism  was  measured  with  Bactec  R-301  (Johnston  l.aboratories , Inc.). 

14  14 

The  CO^  produced  from  C substrate  in  the  culture  vial  was  flushed 

into  the  ionization  chamber  through  two  needles  inserted  in  the  septum 

and  measured  as  ionic  current.  This  measured  radioactivity  was  expressed 

in  index  units  (I.U.),  where  100  I.U.  - 0.025  pci.  The  atmosphere  in 

14 

the  vial  was  replaced  with  10%  CO^  culture  gas.  The  CO^  production 

from  infected  and  uninfected  cells  was  monitored  at  2,  4,  6,  24,  48,  and 
14 

72  hr  after  the  C-labeled  medium  was  added. 
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Nueleic  acid  synthesis  system.  Stationary  monolayers  were  infected 
as  in  the  qlucoso  oxidation  system.  One-tenth  milliliter  of  phosphate- 
buffered  saline  (PBS)  was  added  to  the  uninfected  control  cells.  After 
the  adsorption  period,  1.9  ml  of  maintenance  medium  plus  1 pci  of  Si- 
methyl  thymidine  (52  Ci/mM)  or  H-5, 6-uridine  (40  Ci  /mMl  (Amersham/ 

Searle  Corp.)  was  added  to  each  infected  and  control  vial.  Background 
controls  consisted  of  equal  counts  of  ^H-labeled  medium  without  cells 
or  virus.  All  samples  were  prepared  in  duplicate  and  taken  fox  measure- 
ment at  1,  2,  4,  and  6 hr  after  infection. 

Viral  neutralization  tests  were  performed  as  follows:  herpes  simplex 
human  immune  serum  (Flow  Laboratories,  Rockville,  Md.)  was  heat-in- 
activated at  S6°c  for  30  min,  mixed  with  an  equal  amount  of  the  virus 
stock,  and  incubated  at  37°C  for  60  min,  and  then  0.2  ml  of  the  mixture 
was  inoculated.  Samples  were  assayed  at  1,  2,  4,  and  6 hr  after  infection. 

Virus  stock  was  diluted  in  maintenance  medium  to  contain  loq^ 
quantities  for  dose-response  determination.  Then,  0.1  ml  of  the  appro- 
priate dilution  was  added  per  vial,  and  uninfected  control  cells  re- 
ceived 0.1  ml  of  maintenance  medium.  In  this  group  of  experiments,  the 
cells  wore  cultured  in  one-dram  vials  (Wheaton  Scientific),  yielding 
40,000  cells  per  vial  as  compared  to  - 400,000  cells  per  vial  in  previous 
experiments.  Samples  were  prepared  in  triplicate  and  assayed  5 hr  after 
infection . 

\l-thymidine  incorporation  technique . Measurement  of  \l - thym i dine 
incorporation  was  performed  as  follows:  confluent,  monolayers  with  overlay 
medium  aspirated  were  infected  with  0.1  ml  of  virus  stock  or  suspected 


virus  infected  material.  Uninfected  control  cells  received  0.1  ml  of 


thymidine  (45Ci/mM,  Amorsham/Sear le  Corp.,  Arl inoton  Heights,  111). 
Tin?  amount  of  Sl-thymidino  incorporated  hy  the  cells  was  measured  by 


liquid  scintillation  countinq.  At  the  designated  time,  H-labeled 


medium  was  aspirated  and  the  remaining  cell  monolayer  was  washed  twice 
with  2 ml  MFM^FC  . This  procedure  removed  all  the  extracellular  radio- 
activity and  did  not  disrupt  the  monolayer.  Caps  of  the  washed  vials 
wore  discarded  and  vials  placed  in  20-mi  glass  liquid  scintillation 
vials  (Wheaton  Scientific)  followed  by  the  addition  ot  IS  ml  of  Bray's 
solution.  Samples  were  counted  w i tli  a Tri-Carb  scintillation  spectrometei 

Model  3003  (Packard  Instrument  Co.,  Downers  Grove,  111). 

125 

I-Tdt)  incorporation  technique.  Continent  monolayers  with  overlay 
medium  decanted  were  infected  with  0.1  ml  of  virus  stock  at  a virus-to- 
eell  ratio  of  approximately  15.  One-tenth  milliliter  of  MKM(,FC^  was 

added  to  uninfected  control  cells.  After  the  60  min  adsorption  period, 

, 125 

1 ml  of  MEM^FC  /vial  was  added,  followed  by  1 uCi  of  5-  T -iododeoxy- 

uridine  (2000Ci/mM,  New  England  Nuclear,  Boston,  Ma)  in  0.1  ml  pet 

tube.  Cells  wore  incubated  at  37°C.  Preliminary  experiments  indicated 

lower  specific  activity  material  did  not  give  suitable  sensitivity  levels. 

125 

The  amount  of  I-IdU  incorporated  by  the  cells  was  measured  by  gamma 

125 

scintillation  counting.  At  the  designated  time,  I-labeled  medium  was 

decanted,  the  remaining  monolayer  washed  twice  with  4 ml  of  MKM^^FC^,  1 ml 

unlabeled  medium  added,  and  tubes  counted  with  a Auto-gamma  sci nt i ] lat ion 

spectrometer  Mtxiol  5l)fl(S  (Packard  Instrument  Co.)  . Tubes  were  relabeled 

125 

by  addition  of  1 uCi/0.1  ml  I-Idb,  and  re incubated  until  time  for 
subsequent  measurements . Samples  were  prepared  in  quintuplet  and  radio- 


active measurements  obtained  at  (>,  24,  4H,  and  72  hr  after  infection. 
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Dose  response  determination  was  performed  as  previously  stated, 
except  samples  were  prepared  in  quintuplet.  Viral  neutralization  tests 
were  performed  as  previously  described  above  usinq  herpes  simplex  human 
immune  serum  (Flow  Lab.) . 

Examination  for  cytopathic  effects.  Radiometric  techniques  for  viral 
detection  were  compared  with  visual  detection  of  histoloqical  evidence 
of  cell  damaqe  known  as  cytopathic  effects  (CPE)  in  corresponding  test-tube 
monolayers  maintained  in  triplicate. 


Statistics.  The  calculation  of  statistical  sicinificance  was  based 


on  pair  differences  (15) . 


RESULTS 


Effect  of  HSV-1  on  glucose  oxidation.  The  effect  of  HSV-1  on  ^C-l- 
glucose  oxidation  by  Wl-38  cells  is  shown  in  Table  1.  As  early  as  2 hours 
after  infection  there  was  a significant  depression  of  glucose  oxidation 
by  cells  infected  with  HSV-1.  This  effect  was  observed  16  hours  before 
visual  signs  of  CPE.  The  degree  of  the  inhibition  of  glucose  oxidation  by 
HSV-1  infection  continued  to  increase  up  to  72  hours  (17%  at  2 hours  and 
43%  at  72  hours) . 

Effect  of  HSV-1  on  nucleic  acid  synthesis.  Table  2 shows  the  effect  of 
HSV-1  on  DNA  synthesis  by  Wl-38  cells.  In  virus -infected  cells  there  was 
a marked  stimulation  of  DNA  synthesis:  at  4 hours  after  infection,  there 
was  a fourfold  stimulation.  This  was  at  least  14  hours  before  any  signs 
of  CPE  were  visible.  In  contrast,  HSV-1  had  no  effect  on  RNA  synthesis 
by  Wl-38  cells  (Table  3).  Thus,  the  tremendous  stimulation  of  DNA  synthesis 
by  this  DNA  virus  was  not  accompanied  by  a comparable  stimulation  in  RNA 


' 


■ 
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synthesis . 
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Adding  10,000  bacteria  of  three  different  bacterial  species  (Staphylo- 
coccus epidermidis.  Pseudomonas  aeruginosa,  and  aci netobacter  cal coaceti cus 
var.  anitratus)  to  each  sample  had  no  effect  on  the  DNA  synthesis  of  in- 
fected or  control  cells. 

Effect  of  viral  neutralization  with  specific  antiserum  on  DNA  synthesis. 

Neutralization  of  HSV-1  with  specific  antiserum  resulted  in  complete  elimina- 
tion of  the  stimulation  of  DNA  synthesis  observed  when  HSV-1  is  present  alone 
(Fiq.  1) . Antiserum  alone  had  no  effect  on  DNA  synthesis  by  WT-38  cells. 

Neutralization  of  virus  with  antiserum  was  confirmed  by  the  absence  of  CPE 
over  a 3-day  period. 

Effect  of  various  numbers  of  HSV-1  on  DNA  synthesis.  In  order  to  determine 
the  relative  sensitivity  of  the  nucleic  acid  synthesis  system,  various  num- 
bers of  virions  ranging  from  10  to  3,200,000  TCID50  units  were  tested.  Since 
preliminary  experiments  indicated  that  an  increase  in  the  multiplicity  of  in- 
fection by  a decrease  in  the  number  of  Wi-38  cells  increases  the  degree  of 
stimulation  of  DNA  synthesis,  monolayers  composed  of  only  40,000  Wi-38  cells 
were  used  for  this  part  of  the  study.  As  shown  in  Table  4,  a significant 
stimulation  of  DNA  synthesis  by  WI-38  cells  could  be  detected  with  10,000 

virions  at  5 hours  after  infection.  , 

Effect  of  HSV-2  on  %1-thymidine  incorporation.  In  order  to  see  whether 
HSV-2  also  stimulates  DNA  synthesis,  its  effect  on  ^H -thymidine  incorporation  . 1 

) J 

by  WI-38  cells  was  studied.  As  shown  in  table  5,  HSV-2  (5.6  x 10®,^,^  ) 

stimulated  %-thymidine  incorporation  by  WI-38  cells.  In  virus-infected 
cells,  there  was  a 2-fold  increase  in  incorporation  beginning  2 hours  after 
infection,  proceeding  to  4-fold  by  4 hours  and  6-fold  by  6 hours. 

Effect  of  varying  numbers  of  HSV-2  on  3H-thymidine  incorporation.  Relative 
sensitivity  was  determined  by  addition  of  decreasing  numbers  of  HSV-2  virions 
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ranqing  from  10  ' to  1°TDIC50  Joses.  As  shown  in  Fig.  2,  the  level  of 
sensitivity  is  a function  of  time,  and  by  72  hours  after  infection  even  an 
initial  inoculum  of  10  virions  is  detectable.  Attempts  to  distinguish 
between  type  1 and  type  2 have  failed  due  to  inability  to  obtain  non- cross- 
reacting antisera. 

Effect  of  IdU  pretreatment  on  -Hl-thymidine  incorporation.  It  has  been 
reported  that  5-iododeoxyuridine  (IdU)  potentiates  the  jji  vitro  replication 
of  several  unrelated  RNA  and  DNA  viruses  (16) . Thus,  the  effect  of  pre- 
treatment with  IdU  on  ^H-thymidine  incorporation  by  HSV-1  infected  and  un- 
infected Wi-38  cells  was  investigated  to  determine  if  detection  time  and/or 
sensitivity  could  be  improved.  WI-38  cells  were  pretreated  with  0.5  ml  of 
IdU  (10  ug/ml)  for  4 days.  After  removal  of  IdU,  cells  were  infected  with 
HSV-1  and  ^H-thymidine  incorporation  was  determined  as  before.  No  significant 
effect  was  observed  (data  not  shown)  . 

HSV-1  infected  mouse  brain  model.  Experimentally  induced  HSV-1  encephaliti 
in  weanling  mice  was  employed  to  ascertain  if  the  3H -thymidine  incorporation 
technique  has  any  possible  efficacy  in  the  detection  of  HSV  in  clinical  speci- 
mens. Radiometric  measurement  of  HSV-1  infected  and  uninfected  mouse  brains 
by  ^H-thymidine  incorporation  by  WI-38  cells  is  shown  in  Table  6.  Significant 
incorporation  was  observed  with  mice  exhibiting  minor  to  severe  symptoms. 
Increased  ^H-thymidine  incorporation  was  detected  approximately  1 day  before 
visual  signs  of  CPE  with  material  from  mice  with  minor  symptoms.  Uninfected 
mouse  brain  homogenates  had  no  effect  on  ^H-thymidine  incorporation. 

Effect  of  varying  numbers  of  HSV-1  on  I-IdU  incorporation.  The  H- 
thymidine  incorporation  method  is  a disruptive  technique,  since  addition  of 
scintillation  fluid  terminates  the  experiment.  Thus,  it  requires  multiple 
samples  for  measurement  at  different  time  intervals.  The  available  quantity 


of  a clinical  specimen  is  often  insufficient  to  allow  multiple  samplings. 
Therefore,  the  incorporation  of  l25T-IdU,  a thymidine  analogue,  into  in- 
fected and  uninfected  cells  was  investigated.  l2,:,I  is  a gamma  emitter. 

It  can  be  counted  non -destructively  without  addition  of  scintillation  fluid, 
allowing  repetative  measurements  on  the  same  sample.  Fig.  .1  shows  the  dose 
response  effect  of  HSV-1  on  12r,I-IdU  incorporation  by  WT -38  cells.  Increased 
incorporation  was  observed  6 hours  after  infection  with  10r’  -10(’-H  virions 
(p  0.005),  24  hours  with  10^  virions  (p  0.005),  4H  hours  with  103  virions 
(p  0.001),  and  72  hours  with  10-102  virions  (p  0.01,  p 0.005).  These  radio- 
metric  measurements  wore  not  always  more  rapid  than  the  appearance  of  early 
signs  of  characteristic  CPE  (Fig.  7). 

125 

Effect  of  viral  neutralization  with  immune  serum  on  1-1  dll  incorporation . 
Neutralization  of  varying  numbers  of  IISV-1  with  human  immune  serum  resulted  in 
complete  elimination  of  the  increased  1-^T-IdU  incorporation  observed  when 
IISV-1  alone  is  present  (Fig-  3) . Immune  serum  alone  did  not  cause  any  in- 
crease in  incorporation . Viral  neutralization  was  confirmed  by  absence  of 
CPE  over  a 2 week  period. 

Since  the  availability  of  WT -38  cells  is  uncertain  at  present  (17),  another 
well  characterized  human  embryonic  lung  fibroblast  cell  line,  MKC-5,  was 
evaluated.  Similar  results  were  obtained  with  IISV-1  infected  MRC-5  cells. 

Cytomegalovirus  experiment : Figure  4 shows  the  effect  of  (’MV  on  {'ill 
thymidine  incorporation  in  WI-38  cells  when  a viral  inoculum  of  S3, 000  TCIO^q 
was  used.  In  virus-infected  cells  there  was  no  signi  ficant  el  foot  at  24  hours 
after  infection,  but  there  was  a marked  stimulation  of  (3Hl  thymidine  uptake 
after  4U  hours. 

Tabic  7 summarizes  the  l3ll]  thymidine  incorporation  by  cells  infected  with 
various  concentrations  of  CMV.  The  numbers  represent  percentage  uptake  in 
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infected  cells  compared  with  uninfected  control  cells  (100%)  at  each  viral 
concentration.  Significant  stimulation  was  noted  with  1,000  TCTDcq  4H  hours 
after  infection.  When  OMV  inocula  of  100  TCIDso  or  loss  wore  used,  no 
siqnificant  stimulation  was  observed  evon  after  72  hours. 

Parallel  experiments  were  performed  to  compare  this  radiometric  method 
with  microscopic  observation  of  cytopathic  effects.  As  shown  in  Table  H,  at. 
a high  infeotiv ity  (l>3,000  TCIDgg)  CPK  was  noted  as  early  as  one  day  after 
infection,  but  siqnificant  l^H)  thymidine  uptake  was  not  observed  until  the 
second  day.  This  contrasts  with  the  results  of  a viral  inoculum  of  1,000 
TCip^g,  which  showed  siqnificant  increase  in  | J thymidine  incorporat ion 
2 days  after  infection,  whereas  CPK  was  not  observed  until  the  fourth  day. 

At  viral  concentrations  below  1,000  TCIDjq,  no  stimulation  was  seen  up  to 
4 days,  and  no  CPE  was  noted  until  0 days  after  infection. 

DISCUSSION 

The  data  suggests  that  radiometric  measurements 
of  the  effects  of  HSV  on  UNA  synthesis  by  cultured  cells  can  be  used  as  a 
quantitative  and  objective  assay  for  the  active  virus.  Specificity  can  be 
afforded  by  neutralisation  of  the  virus  with  immune  serum.  Sensitivity  is 
time-dependent  with  an  initial  inoculum  of  10  virions  being  detectable  by 
72  hours  after  infection.  These  measurements  are  at  least  as  fast,  if  not 
more  rapid  than  the  appearance  of  characteristic  cytopathic  effect.  The  !il- 
thymidine  technique  was  shown  to  be  efficacious  for  the  assay  of  HSV-1  in 

infected  mouse  brains.  Smith  and  Melnick  (1H)  have  reported  that  the  con- 

q 10 

centration  of  HSV  in  vesicular  fluid  ranges  I t om  t x 1(1  /ml  to  7 x 10  /ml  . 
Thus,  It  Is  possible  to  detect  HSV  from  vesicle  fluid  with  our  radiometric 
technique  in  a few  hours. 


-11- 


The  125l-Idl)  incorporation  technique  has  distinct  advantages  over  the 
*11 -thymidine  technique  because  it  is  non-destructive,  thus  allowinq  repeated 
measurements  over  extended  periods  and  requirinq  a minimal  quantity  of 
samples.  TdU  is  known  to  incorporate  into  ONA  of  mammalian  cells  ( 1 o)  and 
into  viruses  (20) . It  has  been  shown  to  exhibit  diverse  effects  from  in- 
hibition of  cancer  cells  (21)  and  viruses  (22)  to  enhancement  of  replication 
of  unrelated  viruses  (16),  conversion  of  non-permissive  cells  to  a permissible 

state  (23)  and  activation  of  RNA  (24)  and  DNA  (25)  tumor  viruses.  The  radio- 
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nuclide  I-TdU  lias  been  employed  in  assays  for  tumor  cells  (2b)  and  cell- 
mediated  cytotoxicity  (27),  and  may  exhibit  cell  toxicity  under  certain  con- 
ditions (28).  tn  this  study  we  showed  that  ’l-TdU  might  also  be  employed 
as  a simple,  quantitative  and  objective  assay  of  ONA  virus  such  as  herpes 
simplex . 

14 

The  early  inhibition  of  C-l-qlucose  oxidation  by  MS V— I in  Wl - <H  colls 
lias  not  boon  previously  demonstrated.  Craves  (15),  u t L 1 i 7 inq  a iK>liovirus- 
HeLa-cell  system,  was  unable  to  detect  any  effect  on  glucose  oxidation.  Our 
method  of  measuritiq  qlucose  oxidation  by  monitorinq  release  witli  an  ion- 

ization chamber  lias  the  advantages  of  being  non-destructive  and  of  allowinq 
repeated  sampling  from  the  same  vial  over  extended  periods.  However,  (lie 
presence  of  a relatively  higli  concentration  of  glucose  in  bioloqic  fluid, 

such  as  blood,  poses  a practical  problem,  since  this  nonlabeled  qlucose  would 

14 

compete  with  C-qlucose  for  oxidation. 

Radiometric  detection  of  IISV  in  cell  culture  as  shown  in  tills  study 
depends  on  the  metabolic  effects  of  virus,  although  the  metabolic  effects  of 
viruses  on  cell  cultures  are  closely  related  to  their  cytopathic  effect,  a 
dissociation  of  these  two  effects  may  occur.  Tile  efficacy  k,;.  these  radio- 
metric  techniques  in  diagnostic  virology  and  in  monitoring  noncytopa thic 


viruses  and  viruses  which  do  not  multiply  in  cell  cultures,  awaits  further 


evaluation . 
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TABLE  1.  EFFECT  OF  HSV-1  ON  “C-1-GLUCOSE  OXIDATION  BY  WI-38  CELLS 


Tim*  offer  infection  (hr) 


Control* 

HSV-I  • 

% Control 

p voloo 


226  ± 36 
173  ± 33 
76.6 
<0.01 


438  ± 74 
326  ± 33 
74.4 
<0.003 


1,222  ± 203 
720  ± 125 
59.0 
<0.01 


1,174  ± 253 
1,078  ± 168 
57.5 
<0.005 


2.310  ± 253 
1,322  ± 187 
57.3 
<0.003 


* Tho  raivlti  oro  expressed  os  moon  ± stondord  « 
lonti  wos  don o in  quintuplet  and  tho  results  were  cr 
ty  of  HSV-I  was  3,200,000  TCI0H  units. 


r (fades  units)  of  tho  cumulative  uCO«  production.  Eoch  of  four  expen- 
ded. Tho  number  of  WI-38  cells  used  was  300,000—400,000,  and  the  quan- 


TABLE  2.  EFFECT  OF  HSV-1  ON  DNA  SYNTHESIS  BY  WI-38  CELLS 


Timo  offer  infection  (hr) 


Control* 

HSV-I* 

% Control 
p vofue 


2.938  ± 678  (4) 
27*9  ± 479  (4) 
94.3 

>05 


3.700  ± 447  (4) 

8.341  ±.  1,930(4) 
225.4 
>0.05 


5,818  ± 685(5) 

26.482  ± 3,392  (5) 
455.2 
<0.005 


7.245  ± 7 20  (3) 

43,298  ± 7,882  (3) 
597.6 
<0.05 


* Tho  retufts  oro  expressed  os  moon  standard  error  (cpm).  Eoch  experiment  was  done  in  duplicate  and  the  rosvffi  oro  raged; 
tho  number  in  poronthosis  indicates  tho  number  of  experiments.  Tho  number  of  WI-38  colls  used  was  300,000-400,000,  and  tho 
quantify  of  HSV-I  ««i  3.200,000  T CIO*  units. 


TABU  3.  EFFECT  OF  HSV-I  ON  KNA  SYNTHESIS  BY  WI-38  CELLS 


Time  offer  infection  (hr) 


Control* 

5,141  * 1,475 

I0.0M  * 4J24 

) 7,007  * 1.491 

21421  * 11/607 

HSV-1* 

5,303  * 2403 

10,131  * 4410 

10.274  * 9.392 

30451  * 13403 

% Control 

101.2 

1004 

119.2 

107.1 

p voluo 

>04 

>04 

>0.1 

>0.4 

* The  results  ore  expressed  on  tho  some 

bosis  os  in  Table  2.  Throe  osperimonts  wore  performed. 

TASK  4.  IFRCT  OF  VARIOUS  NUMBERS  OF  HSV-1  ON  DNA  SYNTHESIS  BY  WI-38  CELLS 

S HR  AFTER  INFECTION 


MX  TO* 


Inactivity  (TCI0../iom,  '->• 
<(/  10* 


% Control 
P voluo 


•44*79(3)  741  * 11(3)  437*  65(4)  I9i  * 14  (4)  117-17(4)  116*7(3)  115*17(4) 


* Tho  rotvltt  oro  •cyr.tt.d  o»  moon  porcont  ot  control  * ttandard  orror  (cpm).  Each  op.'imfni  wot  don.  in  tnplicnf.  and  rh. 
ratultt  woto  av.rop.dt  number  in  por.nth.»i,  indicot.i  th.  numbmr  of  .cp.rtm.nlt  Th.  numb.r  ot  WI-36  c.llt  ut.d  -at  40.000 


1 2 3 4 5 6 

Tim*  (hr) 


RG.  1.  Wtd  oT  MSV-l  neutralization  by  ipuciflc  human  im 
mtMtm  —*vm  on  DNA  synthesis  by  WI-31  colls.  Each  point  represents 
M«on  of  duplicate  samples  from  typical  experiment. 


Ttnse  (hours) 

HG.  2 • fffect  of  varying  numbers  of  HSV  2 virions  on  I'M) 
thymidine  incorporation  by  VVI  3S  reds  tresuits  ore  nprrued  os 
percentage  of  control  (control  (00%)  *o«  t 'plicate  samples  from 
a typical  experiment.  Number  of  W|.Jj  ce’ls  used  was  100.000 
Nvmbor  of  virions  used  ranged  from  10  to  5 6 m.ff.on  TClD*.,  as 
indicated. 
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4 
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Moon 
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M*on 
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